Aims-To assess the influence of glistenings on the optical quality of acrylic foldable intraocular lens. Methods-Several degrees of glistenings in the optic were experimentally created by immersing the lens in water at 37°C for 48 hours and then at 25°C for 24 hours. Optical bench tests were carried out in water including measurements of spectral transmittance with the spectrophotometer, intensity of forward scattering using the integrating sphere photometer, modulation transfer function, and resolving power at various contrasts with and without the veiling glare light source. Results-Glistenings of 1+ to 4+ degrees were created, among which the 4+ glistenings seemed to be extremely intense and thought to be beyond the range of clinical settings. Clinically feasible level of glistenings, up to 3+, did not adversely influence spectral transmittance, scattering, modulation transfer function, and resolving power at various contrasts. The 4+ glistenings caused mild to moderate deteriorations of the optical quality of the lens. Conclusion-The optical quality of the acrylic foldable intraocular lens is not significantly aVected by the level of glistenings usually seen in the clinical setting. (Br J Ophthalmol 2001;85:1034-1037 
The use of foldable intraocular lens (IOL) has been increasing 1 2 as these lenses most enhance the benefits of phacoemulsification cataract surgery. Among the foldable IOLs, acrylic foldable IOLs are especially growing in popularity 1 2 because of stable clinical results 3 4 and a low incidence of posterior capsule opacification. [5] [6] [7] [8] There are, however, several complications of acrylic foldable IOLs, one of which is the formation of glistenings in the optic. [9] [10] [11] [12] [13] [14] [15] The glistenings are thought to be fluid accumulation in the microvoids of the optic, 9 11 which are likely to be caused by temperature changes and not material changes. 11 15 Visual significance of glistenings is controversial 9 largely because of the lack of comprehensive optical bench testing on the lens with glistenings. In the current study, we produced an in vitro model of glistenings in the acrylic foldable IOL and evaluated its optical quality.
Materials and methods
Acrylic foldable IOLs (MA60BM, AcrySof, Alcon Surgical, Fort Worth, TX, USA) of +15.0 dioptres in the wagon wheel packaging were used in the study. The IOLs were randomly selected from a group of IOLs intended for clinical use. We used thin lenses (+15.0 dioptres) so that the incident light is focused out of the model eye in the optical bench test as described below. The optical bench tests were carried out in accordance with the ISO standard when the test methods are described in the standard (ISO 11979-2:1999(E) Optical properties and test methods).
It has been known that glistenings can be induced in vitro by warming a lens and then cooling it to room temperature. 16 17 In the current experiment, we immersed the IOLs in water at 37°C for 48 hours and then at 25°C for 24 hours. 16 After the immersion, the IOLs were kept in the air and various degrees of glistenings were created by changing the duration of exposure to the air. The longer the duration of exposure to the air, the more the glistenings faded.
The scatterings of light generated by the IOL can be divided into two categoriesforward and backward scatterings. The former aVects the contrast of retinal image and the latter influences the transmittance. The intensity of backward scattering was assessed by measuring spectral transmittance with a spectrophotometer (U-3210, Hitachi, Tokyo) in the spectral range of 200-800 nm. 18 The intensity of forward scattering was evaluated using an integrating sphere photometer (Fig 1) . First, the total amount of transmitted light (T) was measured with the rear window closed. Next, the rear window was opened and the amount of forward scattering (S) was measured. The degree of scattering (SD) is expressed as:
where F is the intensity of stray light generated within the water cell. Using a well polished poly(methylmethacrylate) disc, the ratio of F to T was estimated to be 2.5%. Since F is negligible in comparison with T, equation 1 is approximated by S/T × 100-2.5. This experiment was carried out using a 3.0 mm aperture.
Modulation transfer function (MTF) was measured in a model eye at a 3 mm aperture. 19 20 The model eye was based on Gullstrand's exact schematic eye; it consisted of a front lens corresponding to the cornea, a water chamber, and a rear lens to allow for an air image. When an IOL of +15.0 dioptres was set in the water chamber, the total refractive power of the model eye approximated +53.1 dioptres. Monochromatic light of 540 nm and a collimating lens having a focal length of 500 mm were used. The test target was 10 µm slit light which was projected through the eye and focused on a charge coupled device image sensor. The obtained image was digitally recorded, analysed by Fourier transform, and MTF was calculated.
Resolving power of the IOL was determined using the optical bench apparatus shown in Figure 2 . The IOL was immersed in the water chamber. 21 22 A variable contrast acuity chart 23 was used as the resolution target to assess the resolving power at five diVerent contrasts-that is, 13, 30, 45, 60, and 83%. For each contrast, the chart theoretically allows the minimum and maximum resolving power of 4 and 60 cycles per degree (equivalent to 20/150 and 20/10 of Snellen chart visual acuity), respectively. As the veiling glare light source, six fluorescent lamps of 20 W were placed by the contrast acuity chart. The chart luminance and veiling glare illuminance on the aperture plane were set according to the conditions of MCT8000 (Vistech Consultants, Inc, Dayton, OH, USA). 24 The chart images focused in the model eye were magnified by the microscope, which were evaluated by three independent examiners and the results were averaged. The parameter of glare sensitivity was then calculated by subtracting the resolving power with glare light on (R on ) from that without glare light (R oV ). Values were then summed up for five different contrast levels.
Results
Several degrees of glistenings were created, which were graded from 1+ to 4+ as shown in Figure 3 . The evaluation was performed on photographs. 16 25 The 1+ to 3+ glistenings appeared to be compatible with the clinically feasible degree of glistenings, but the 4+ level was extremely intense and thought to be beyond the range of clinical settings. 16 25 Since the 1+ glistenings were rather quick to disappear, this lens could not undergo the following experimental procedures under a constant condition. The 2+ to 4+ IOLs remained stable during the optical bench tests, and thus the data of these and the control lenses are shown below. One representative lens was used for each level of glistenings, and measurements were repeated twice. When the results of two measurements varied, third measurement was carried out.
The results of spectral transmittance measurements are shown in Figure 4 . The IOLs with 2+ and 3+ glistenings exhibited spectral transmittance similar to that of the control lens, indicating that clinical level of glistenings do not adversely aVect the light transmittance. The extremely severe glistenings (4+) decreased spectral transmittance especially at longer wavelength.
The degrees of scattering calculated by equation 1 were 3.9% for the control lens, 5.9% for the lens with 2+ glistenings, 11.1% for 3+ glistenings, and 21.7% for 4+ glistenings. The measurement results of MTF are shown in Figure 5 . The glistenings up to 3+ did not aVect MTF, while 4+ glistenings caused slight deterioration of MTF.
Resolving power of the IOL was evaluated in relation to the chart contrast and the presence of veiling glare light. When the glare light was oV, there was no significant influence of glistenings on the resolving power (Fig 6) . When the glare light was turned on, resolving power of IOL with 4+ glistenings significantly deteriorated especially at lower contrast (Fig  7) . Resolving power was unaVected when the glistenings were 3+ or less. The parameter of glare sensitivity calculated by equation 2 is shown in Figure 8 . The glare sensitivity did not change significantly up to 3+ glistenings, but deteriorated significantly with 4+ glistenings.
Discussion
In the current study, we experimentally induced glistening particles in the optic of acrylic foldable IOLs, ranging in degree from 1+ to 4+. Although the 1+ glistenings could be photographed (Fig 3) , their instability made the optical bench test on this lens impossible. Nevertheless, judging from the experimental results of the 2+ glistening lens, data of the 1+ glistening IOL should have been similar to those of the control lens.
In the measurements of spectral transmittance, the IOLs with clinically compatible level of glistenings (2+ and 3+) showed results similar to those of the control lens. On the other hand, very severe glistenings (4+) deteriorated spectral transmittance especially at longer wavelength. The diameter of glistening particles has been reported to be approximately 10-20 µm. 16 Theoretically, this size of particles induce Mie scattering, where diVraction plays a significant part. In general, the longer the wavelength of light the larger the diVraction angle becomes. When the diVraction angle is large, a greater portion of scattering attributable to diVraction is lost from transmission, resulting in lower transmittance. The 4+ glistenings, however, are extremely intense and thought to be beyond the range of clinical settings, and thus the clinical significance of this finding is unclear. Other optical parameters tested in the current study were scattering, MTF, and resolving power at various contrasts with and without the veiling glare light source. As shown in the results, the glistenings up to 3+ had little influence on these parameters. In practice, glistenings are frequently seen in acrylic foldable IOL after several months postoperatively, 16 but very few cases have led to significant clinical consequences. 17 The data obtained here objectively confirm such clinical observations. It has been known that the glistenings only occur under fluid, representing an influx of aqueous humour into the optic and not the degeneration of materials. 17 This theory has been supported by the observation with optical and atomic microscopy. 15 Moreover, the formation of glistenings is not limited to acrylic foldable IOL, but can be seen with poly(methylmethacrylate) and silicone IOLs. 17 26 As in acrylic foldable IOL, glistenings in these latter biomaterials have not been shown to cause any adverse clinical sequelae. The discoloration of silicone IOLs was also related to water vapour absorption within the IOL, having a brownish appearance from light scattering. 27 These artefacts had no adverse eVect on the patients' visual acuity. 28 Thus, we conclude that the clinically compatible level of glistening formation in the optic of IOL is principally a cosmetic phenomenon, but not an optical incident.
